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Abstract
We examine some flavor changing processes such as rare leptonic decays of
the long-lived neutral kaon, muon-electron conversion in nuclei and radiative
muon decay which are induced by the combined effects of bilinear and trilin-
ear R-parity violations. These processes are used to put strong constraints
on certain products of the bilinear and trilinear couplings. We also discuss
the constraints on R-parity violation from neutrino masses and compare them
with the constraints from flavor changing decay processes. Large range of pa-
rameter space satisfying the constraints from neutrino masses can be excluded
by the flavor changing processes considered in this paper, and also vice versa.
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R-parity violation in the minimal supersymmetric standard model can be an interesting
source of lepton and quark flavor violation. Typically one obtains bounds on R-parity violat-
ing couplings from the non-observation of such flavor violating phenomena in experiments.
There are a vast of literatures addressing this issue [1]. However most of them have focused
on the effects of trilinear R-parity violation alone. In generic context, both bilinear and
trilinear R-parity violations exist and they are independent from each other. Our focus in
this paper is on the effects of bilinear R-parity violation on some flavor changing processes
such as KL → eie¯j , K+ → π+νiν¯j , µ–e conversion in nuclei, and µ→ eγ.
These processes can arise from tree or one-loop diagrams involving two insertions of the
trilinear R-parity violating couplings λ and λ′. The resulting bounds on λλ and λ′λ′ are
obtained in the literature for KL → eie¯j [2], K+ → π+νiν¯j [3], µ–e conversion in nuclei [4,5],
and µ→ eγ [6]. Flavor changing decays of the neutral kaon and also the µ–e conversion in
nuclei can be achieved by tree diagrams without any insertion of small fermion mass, thereby
put very strong bounds of order 10−6 ∼ 10−8 on λλ and λ′λ′. However one-loop diagrams
for µ → eγ need additional chirality flip by small fermion mass. The decay amplitude is
then suppressed by mµ/mf˜ with mf˜ being a typical sfermion mass. This makes the bounds
on λλ and λ′λ′ from µ→ eγ looser, which are of order 10−4.
In the presence of bilinear R-parity violation, there are additional contributions involv-
ing both bilinear and trilinear couplings. The importance of such contribution to fermion
electric dipole moments have been discussed recently in Refs. [7,8]. In this case, the chirality
structure of diagrams differs from the case with trilinear couplings only. For instance, there
are one-loop diagrams for µ → eγ without having the chirality flip by small fermion mass.
As summarized in Table II, this leads to strong bounds of order 10−7 on ǫλ where ǫ is a
dimensionless parameter measuring the size of bilinear R-parity violation. (See Table II.) On
the other hand, tree diagrams for neutral kaon decays have to come with another chirality
flip by small fermion mass, thereby lead to looser bounds of order 10−4 ∼ 10−5 on ǫλ and
ǫλ′ as summarized in Table I.
Since R-parity violation is severely constrained by neutrino masses [9], it is quite tempting
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to compare the bounds of Tables I and II with those from neutrino masses [10–12]. The
recent Super-Kamiokande [13] and other neutrino oscillation data can be well explained by
assuming small Majorana neutrino masses: mν ∼ 10−1 eV or less. It has been argued that
the existing neutrino data suggest that the maximal values of all 3×3 neutrino mass matrix
elements do not exceed 1 eV [10]. Here we take this as a real bound on neutrino masses
and derive the resulting constraints on R-parity violations which are summarized in Table
III. As we will see, the constraints from neutrino masses and those of Tables I and II are
complementary to each other. Large range of parameter space satisfying the conditions for
small neutrino masses can be excluded by the bounds of Tables I and II, and also vice versa.
To proceed, let us first specify the parameter basis for our analysis. When R-parity
conservation is not assumed, the MSSM allows for renormalizable lepton number (L) or
baryon number (B) violating interactions. In this paper, we ignore B-violating couplings
by simply assuming that they are small enough to ensure the proton stability. We will
then work in the basis in which the standard Yukawa couplings of the quarks and leptons
are diagonal and also the vacuum expectation values of sneutrinos vanish [14]. Since this
choice is not invariant under the renormalization group evolution, it must be understood as
a basis choice for the parameters renormalized at the weak scale1. In this basis, still the
most generic R-parity violating superpotential is given by
∆W = ǫiµLiH2 + λijkLiLjE
c
k + λ
′
ijkLiQjD
c
k , (1)
where H2 is the Higgs doublet superfield with the hypercharge Y = 1/2, Li and Qi are
the lepton and quark doublet superfields, Eci and U
c
i , D
c
i are the anti-lepton and anti-quark
singlet superfields, respectively. Here the dimensionless parameters ǫi are introduced to
1The scale-dependence of choosing basis would motivate for a basis-independent prescription
for R-parity violating physics as attempted in [15]. Making a basis-independent analysis for the
processes under consideration is much more involved, so here we discuss everything in the specific
basis with 〈ν˜i〉 = 0 applied for the parameters renormalized at the weak scale.
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parameterize the bilinear R-parity violation in unit of the supersymmetric Higgs mass pa-
rameter µ. Bilinear R-parity violation can appear also in supersymmetry breaking scalar
potential:
∆V = BiLiH2 +m
2
LiH1
LiH
†
1 + h.c. , (2)
where H1 is the Higgs doublet with Y = −1/2. In our basis, Bi and m2LiH1 are related by
the condition of vanishing sneutrino vacuum value, 〈ν˜∗i 〉 ∝ Bi〈H2〉 +m2LiH1〈H1〉 = 0, so the
entire bilinear R-parity violation are described by ǫi and Bi.
The basis described above is not the exact mass eigenbasis of fermions yet. If ǫi 6= 0, there
can be a mass-mixing of order ǫiµ between R-parity even and R-parity odd fermions [16].
Before taking into account of this mixing, we have four types of fermion–scalar interaction
vertices:
gφ∗ψG˜, hHψψ, hφψH˜, λφψψ, (3)
where the first three terms stand for R-parity conserving gauge, Yukawa and Higgsino ver-
tices, respectively, and the last one does for R-parity violating Yukawa vertices. Here ψ and
H collectively denote R-parity even matter fermions and Higgs scalars, respectively, and φ,
G˜ and H˜ are R-parity odd matter scalars, gauginos and Higgsinos, respectively. When writ-
ten in terms of the mass eigenstate fermions, these couplings give rise to the mixing-induced
vertices of the following types:
ǫgφ∗ψψ, ǫhφψψ, ǫλφψG˜, ǫλφψH˜ , (4)
where the first and second terms originate from the R-parity even gauge and Yukawa vertices
in (3), respectively, while the other terms are from the R-parity odd Yukawa vertex in (3).
Considering the processes connecting these mixing-induced vertices with those of (3), one
can get bounds on the products of bilinear and trilinear couplings, which we will do explicitly
in the subsequent discussion. There are also vertices induced by scalar mixing with Bi 6= 0
which we do not consider here. At this point, it is worthwhile to mention that the terms
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in (4) appear with 〈ν˜i〉/〈H1〉 instead of ǫi, and with accordingly defined couplings h and λ
in the different basis where the bilinear term ǫiµLiH2 in the superpotential is rotated away.
The most interesting feature of the mixing-induced vertices is that they have different chiral
structure compared to their counterparts in (3) unless they do not include the R-parity
conserving Yukawa coupling h, i.e. ǫgφ∗ψψ compared to λφψψ and also ǫλφψG˜ compared
to gφ∗ψG˜. This allows for instance that, when combined with gφ∗ψG˜, the mixing-induced
ǫλφψG˜ generates a dipole moment of light fermion at one loop order without any insertion
of the small Yukawa coupling of light fermion [7].
Let us write down explicitly the mixing-induced vertices which are relevant for our anal-
ysis. Ignoring the pieces involving the CKM matrix elements, the R-parity odd part is given
by
gΘR∗iWe
c
i [dku˜
∗
k + ekν˜
∗
k ] + gΘ
L∗
iWei[ukd˜
∗
k + νke˜
∗
k] +
√
2g[ΘN∗iB tWYf +Θ
N∗
iWT
3
f ]νif f˜
∗
−heiΘL∗jHej [eci ν˜i + νie˜ci ]− hdiΘL∗jHej [dci u˜i + uid˜ci ] + huiΘR∗jHecj [uci d˜i + diu˜ci ]
+heiΘ
N∗
jH1
νj[e
c
i e˜i + eie˜
c
i ] + h
d
iΘ
N∗
jH1
νj [d
c
i d˜i + did˜
c
i ]− huiΘN∗jH2νj[uci u˜i + uiu˜ci ] (5)
where li = (νi, ei) and qi = (ui, di) are the lepton and quark doublets with the diagonal
Yukawa couplings hei , h
u
i , h
d
i with the Higgs doublets, e
c
i , u
c
i , d
c
i are the anti-lepton and
anti-quark singlets, and the tilded fields stand for their scalar superpartners. Here Yf and
T 3f denote the weak hypercharge and isospin of the fermion f , Θ
R
iW,H (Θ
L
iW,H) are the mix-
ing elements between the charged lepton eci (ei) and the chargino W˜
+, H˜+ (W˜−, H˜−), and
ΘNiB,W,H1,H2 is the mixing element between the neutrino νi and the neutralino B˜,W˜3,H˜1, H˜2.
The R-parity even part of the mixing-induced vertices which are relevant for our analysis is
given by
ΘNiχλijkχ
0[ej e˜
c
k + e
c
ke˜j ] + Θ
L
jWλijkW˜
−[νie˜
c
k + e
c
kν˜i] + Θ
R
kWλijkW˜
+[νie˜j + ej ν˜i] (6)
where χ denotes the neutral gauginos B˜ and W˜3. There are also similar vertices involv-
ing λ′ijk which are not relevant for the discussion in this paper. The detailed form of the
mixing elements Θ’s in Eqs.(5) and (6) can be found in Refs. [7,12], however the following
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approximate expressions are enough for our purpose:
ΘRiW ≈
√
2
mei
M1/2
MW
M1/2
ǫicβ , Θ
L
iW ≈
√
2
MW
M1/2
ǫ∗i cβ
ΘNiB ≈ sW
MZ
M1/2
ǫ∗i cβ , Θ
N
iW ≈ −cW
MZ
M1/2
ǫ∗i cβ
ΘLiH ≈ 2sβ
(
MW
M1/2
)2
ǫ∗i cβ + ǫ
∗
i , Θ
R
iH ≈
mei
cβM1/2
ǫicβ
ΘNiH1 ≈ sβ
M2Z
µM1/2
ǫ∗i cβ , Θ
N
iH2 ≈ −cβ
M2Z
µM1/2
ǫ∗i cβ (7)
where mei and M1/2 denotes the charged lepton mass and the gaugino mass, respectively,
MW and MZ are the weak gauge boson masses, sW = sin θW and cW = cos θW for the weak
mixing angle θW , cβ = cos β and sβ = sin β for tan β = 〈H2〉/〈H1〉.
Combined with trilinear R-parity violation, bilinear R-parity violation induces a left-right
mixing of scalars which can contribute to the one-loop dipole moments of light fermions [8],
and thus to µ→ eγ. From the superpotential (1), one easily finds such type of mass mixing
for squarks and sleptons:
(ǫ∗iλijkµv2)e˜j e˜
c
k + (ǫ
∗
iλ
′
ijkµv2)d˜jd˜
c
k + h.c. , (8)
where v2 = 〈H2〉. This left-right mixing gives rise to one-loop diagrams for µ→ eγ together
with two insertions of the gauge vertices gφ∗ψG˜ without having any insertion of light fermion
mass. We remark again that, in the basis where LiH2 in the superpotential is rotated away,
the similar sfermion mixing terms arise from trilinear soft-terms with the coefficients 〈ν˜i〉λijk
or 〈ν˜i〉λ′ijk.
We are now ready to consider the processes induced by diagrams connecting the mixing-
induced vertices in (4) with the conventional vertices in (3). The processesKL → eie¯j, K+ →
π+νiνj and also the µ–e conversion in nuclei can be triggered by tree diagrams involving
both bilinear and trilinear R-parity violations. (See Fig. 1.) It is in fact straightforward to
obtain the bounds on ǫλ′ from these processes. The diagrams of Fig. 1 correspond to the
diagrams which have been considered in Refs. [2–6] to obtain the bounds on λ′λ′, but here
one λ′ is replaced by appropriate mixing-induced coupling in (5) while properly taking into
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account the necessary chirality flip. The resulting bounds are summarized in Table I. Here
the bounds on λ′ijkǫlcβ are from diagrams with a mixing-induced vertex of the form ǫgφ
∗ψψ,
while the bounds on λ′ijkǫl/cβ are from those with ǫhφψψ.
Let us now consider µ → eγ. As one can see in Fig. 2, the mixing-induced vertices of
Eq.(6) can generate one-loop dipole moments of light fermions without having the insertion
of light fermion mass. The required chirality flip is provided by the gaugino mass. Indeed,
similar diagrams have been used to generate the leading contribution to the electric dipole
moments of the electron and neutron in Ref. [7]. On the other hand, there are other type of
one-loop diagrams for dipole moments without any light fermion mass. This type of diagrams
involve the left-right sfermion mixing of Eq. (8) together with two insertions of the standard
gaugino vertices. (See the diagram of Fig. 2b.) Note that there are two chirality flips in the
internal lines of this type of diagram, one is the left-right sfermion mixing and the other is
the gaugino mass mixing. For µ→ eγ, there is only one diagram with B˜–W˜3 mixing, giving
somewhat smaller contributions.
The decay width of µ→ eγ is given by
Γ(µ→ eγ) = m
3
µ
16π
(
|BL|2 + |BR|2
)
, (9)
for the transition dipole moments
i
2
e¯ σµν (BRPR + BLPL)µFµν , (10)
where PL,R =
1
2
(1 ± γ5). The dominant contributions to BR,L from the diagrams in Fig. 2
are found to be
BR = eg
16π2
{ Θ
L
jWλ1j2
mν˜1
Gf(mW˜ ;mν˜1)
− 1√
2
λ1j2
me˜1
[
ΘNjWGs(mW˜ ;me˜1) + tWΘ
N
jBGs(mB˜;me˜1)
]
(11)
+
√
2tW
ΘNjBλ1j2
me˜c
2
Gs(mB˜;me˜c2)
}
+
eg2tW
16π2
NBχnNWχn
ǫ∗jλjikµv2
me˜ime˜ck
Hs(m
0
χ;me˜i , me˜ck) ,
BL = (1↔ 2) exchange of BR . (12)
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Here NBχn and NWχn are the diagonalization matrix bringing the neutralinos
(B˜, W˜3, H˜
0
1 , H˜
0
2 ) into the mass eigenstates χn, and the loop functions Gf , Gs and Hs are
given by
Gf(mf ;mα) = t
[
t2 − 3
2(1− t2)2 −
2 ln t
(1− t2)3
]
,
Gs(mf ;mα) = t
[
t2 + 1
2(1− t2)2 +
2t2 ln t
(1− t2)3
]
,
Hs(mf ;mα, mβ) =
mαmβ
m2α −m2β
[
1
mα
Gs(mf ;mα)− 1
mβ
Gs(mf ;mβ)
]
,
where t = mf/mα.
Applying the experimental data [17] BR(µ→ eγ) < 4.9× 10−11 for the above transition
dipole moment, one can derive bounds on the certain components of λijkǫ
∗
j for reasonable
range of superparticle spectrums. The results are summarized in Table II. In the absence of
slepton generation mixing, µ→ eγ would provide bounds only on the components λ1j2ǫ∗j and
λ2j1ǫ
∗
j . However the basis that we are working on is not the mass eigenbasis of sfermions, and
thus there can be slepton generation mixing induced by the off-diagonal elements ∆ABij of the
slepton mass-squared matrix. (Here A,B = L,R denote the chirality of the corresponding
sleptons.) If we allow such slepton-mixing, other components of λijkǫ
∗
j can be constrained
also by µ→ eγ as in Table II.
Any lepton number violating interactions are highly constrained by neutrino masses. It
is thus quite tempting to compare the constraints of Tables I and II with the constraints
from neutrino masses. As mentioned before, we take the upper bound on each component
of neutrino mass matrix to be 1 eV [10], although it depends on the interpretation of Super-
Kamiokande data and also on the possible existence of light sterile neutrinos. Assuming a
simple flavor structure of λijk and λ
′
ijk, strong bounds on λλ, λ
′λ′, and ǫǫ were derived from
neutrino oscillation data [11]. Here we briefly discuss this issue without any assumption on
the flavor structure of λijk and λ
′
ijk, and compare the results with the constraints of Tables
I and II. We will see that the constraints of Tables I and II from flavor changing processes
are complementary to the constraints from neutrino masses.
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In the basis with vanishing sneutrino vacuum values, R-parity violation are described by
{ǫi, Bi, λijk, λ′ijk}. Here we are interested in the neutrino masses associated with ǫi, λijk and
λ′ijk, and thus ignore the contribution involving Bi. Then tree-diagrams with two insertions
of the lepton-neutralino mixing give rise to
(mν)
tree
ij ∼
M2Zc
2
β
M1/2
ǫiǫj , (13)
while one-loop diagrams with two insertions of λijk or of λ
′
ijk give
(δ1mν)
loop
ij ∼
3
8π2
mdkm
d
l
m2q˜
λ′iklλ
′
jlk[A
d∗ + µtβ],
(δ2mν)
loop
ij ∼
1
8π2
mekm
e
l
m2
l˜
λiklλjlk[A
e∗ + µtβ], (14)
where mdi and m
e
i are the down-type quark and charged lepton masses, A
d and Ae are the
soft A-parameter for the trilinear couplings H1QD
c and H1LE
c, mq˜ and ml˜ are the squark
and slepton masses, and cβ = cos β and tβ = tan β. There are also one-loop diagrams
giving neutrino masses proportional to the products of bilinear and trilinear couplings2.
Transparent description of such one-loop diagrams can be made by the use of mass insertion
approximation [19]. The mass insertion by ǫi can appear either on the external fermion
(neutralino/neutrino) line or on the internal chargino/charged lepton line. For each of these
two types, there are diagrams in which one vertex is given by R-parity odd Yukawa coupling
(λ or λ′) and the other by R-parity even gauge or Yukawa (he or hd) coupling. It turns out
that the diagrams with he or hd are suppressed by two more powers of mei or m
d
i which come
from the chirality flips in the internal lepton/slepton or quark/squark lines. These one-loop
diagrams give the following contributions [19]:
(δ3mν)
loop
ij ∼
3g
16π2
MZ√
2M1/2
cβ(ǫiλ
′
jkk + ǫjλ
′
ikk)m
d
k
+
3
16π2
M2Z
µM1/2
sβcβ(ǫiλ
′
jkk + ǫjλ
′
ikk)
hdk(m
d
k)
2
m2q˜
[Ad∗ + µtβ]
2 Such one-loop mass has been noticed also in Ref. [18] within the different parameter basis with
ǫi = 0 but 〈ν˜i〉 6= 0.
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(δ4mν)
loop
ij ∼
g
16π2
MZ√
2M1/2
cβ(ǫiλjkk + ǫjλikk)m
e
k
+
1
16π2
M2Z
µM1/2
sβcβ(ǫiλjkk + ǫjλikk)
hek(m
e
k)
2
m2
l˜
[Ae∗ + µtβ]
+
1
16π2
(ǫkλijk)
(heim
e
i − hejmej)mek
m2
l˜
[Ae∗ + µtβ] (15)
where hdi and h
e
i are the diagonalized quark and lepton Yukawa couplings generating the
masses mdi and m
e
i . Requiring that all of these contributions are smaller than 1 eV, we
obtained upper bounds of several combinations of couplings, which are summarized in Table
III. The tβ dependence in Table III comes from the sfermion mixing mass term involving
µtβ.
Note that the tree level neutrino mass (13) is not suppressed by small fermion mass,
and thus leads to a strong bound of order 10−5 ∼ 10−6 on ǫi. Since all the loop-induced
neutrino masses are suppressed by some powers of small fermion masses as well as the loop
suppression factor, the light generation components of R-parity violating couplings are not
severely constrained by neutrino masses.
We have found that the consideration of flavor changing decays of the neutral kaon and
also of µ–e conversion in nuclei put bounds of order 10−4 ∼ 10−5 on λ′ijkǫlc±1β as summarized
in Table I. Also µ → eγ constrain λi12ǫ∗i and λi21ǫ∗i to be less than about 10−7 as in Table
II. Obviously, there are large range of parameters satisfying the bounds of Table III, but
excluded by the bounds of Table II. Thus µ→ eγ provides meaningful additional constraints
on R-parity violation over the constraints from neutrino masses. It is also true that large
range of parameters satisfying the bounds of Table II can be excluded by the bounds of
Table III. All bounds of Table I would be trivially satisfied for small tan β if the bounds
of Table III are imposed. We still note that if tan β is greater than 10, some bounds of
Table I provide meaningful additional constraints on R-parity violation over the bounds
from neutrino masses. Furthermore, if a light sterile neutrino is introduced, it may not be
necessary that all of the three weak doublet neutrinos have masses smaller than 1 eV to
explain the neutrino oscillation data, which would allow some of the bounds of Table III
10
relaxed.
To conclude, we have derived strong bounds on certain products of the bilinear and
trilinear R-parity violating couplings from flavor changing decays of the neutral kaon, µ–
e conversion in nuclei, and also µ → eγ. We also discussed the constraints on R-parity
violation from neutrino masses under the assumption that existing neutrino data imply that
all the neutrino masses are smaller than 1 eV. Wide range of parameter space satisfying
the constraints from neutrino masses can be excluded by the bounds from flavor changing
processes, and vice versa, thus these two sets of constraints are complementary to each other.
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TABLES
process coupling exchanged scalar mass upper bound
KL → µµ¯ [2] : λ′221ǫ2/cβ m2u˜2 5.7 × 10−4x2s
λ′212ǫ2/cβ m
2
ν˜2
6.8 × 10−4x2s
KL → eµ¯, µe¯ [2] : λ′121ǫ2/cβ , λ′221ǫ1/cβ m2u˜2 3.4 × 10−5x2s
λ′112ǫ2cβ m
2
u˜1
,m2ν˜1 3.1 × 10−5x2sx2g
λ′221,212ǫ1/cβ m
2
ν˜2
4.1 × 10−5x2s
µ+ T i→ e+ T i [5] : λ′111ǫ2cβ m2ν˜1 ,m2u˜1 1.1 × 10−5x2sx2g
λ′122ǫ2/cβ m
2
u˜2
4.9 × 10−4x2s
λ′211ǫ1/cβ m
2
ν˜2
7.4 × 10−6x2s
λ′222ǫ1/cβ m
2
ν˜2 1.4 × 10−5x2s
K+ → π+νν¯ [3, 2] : λ′i12,i21ǫlcβ m2d˜1,2 1.2 × 10
−4x2sxg
TABLE I. Bounds on the products of trilinear and bilinear couplings from various flavor
changing processes induced by tree diagrams. Here xs ≡ mf˜100GeV , xg ≡
M1/2
100GeV
and cβ = cos β.
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coupling upper bound
λ1j2ǫ
∗
jcβ 1.5 × 10−7xsxg
λ2j1ǫ
∗
jcβ 1.5 × 10−7xsxg
δLL1i λij2ǫ
∗
jcβ 1.5 × 10−7xsxg
δLL2i λij1ǫ
∗
jcβ 1.5 × 10−7xsxg
δRR1k λ2jkǫ
∗
jcβ 1.0 × 10−6xsxg
δRR2k λ1jkǫ
∗
jcβ 1.0 × 10−6xsxg
λ1j2ǫ
∗
j
µv2
m˜2 5.5× 10−6x2sx2g
λ2j1ǫ
∗
j
µv2
m˜2 5.5× 10−6x2sx2g
TABLE II. Bounds on the products of trilinear and bilinear couplings from µ → eγ. Here
xs ≡ mf˜100GeV , xg ≡
M1/2
100GeV
, cβ = cos β, and δ
AB
ij = ∆
AB
ij /ml˜iml˜j for the off-diagonal elements ∆
AB
ij
of the slepton mass-squared matrix with A,B = L,R denoting the chirality of sleptons. In all these
bounds, cβ can be replaced by
MW
M1/2
.
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coupling upper bound
ǫi 3× 10−6x1/2s /cβ
λiklλjlky
e
ky
e
l 2× 10−6xs/tβ
λ′iklλ
′
jlky
d
ky
d
l 10
−7xs/tβ
ǫiλjkky
e
k 10
−7xs/cβ
ǫiλ
′
jkky
d
k 2× 10−8xs/cβ
ǫkλijky
e
k[(y
e
i )
2 − (yej )2] 5× 10−4xs/tβ
ǫiλjkk(y
e
k)
3 5× 10−4x3s
ǫiλ
′
jkk(y
d
k)
3 10−5x3s
TABLE III. Constraints on R-parity violation from the condition that all elements of the
3 × 3 neutrino mass matrix are smaller than 1 eV, which would be necessary to account for the
neutrino oscillation data. Here yei ≡ mei/mτ , ydi ≡ mdi /mb and cβ = cos β, tβ = tan β , while
xs =MSUSY /100GeV for the SUSY mass scales MSUSY = {M1/2,mf˜ , µ,Ad,e}.
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FIG. 1. Important diagrams for KL → µµ¯, KL → eµ¯, µe¯ (a,b), µ + Ti → e + Ti (a,b,c) and
K+ → π+νν¯ (d).
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e W˜+ W˜− µ
c
ν˜e
g ǫ∗jcβλ1j2
e B˜ B˜ µ
c
µ˜c
−ǫ∗jcβλ1j2 g′
(a)
e B˜ W˜ 3 µ
c
e˜ µ˜c
ǫ∗jλj12µv2
g g′
(b)
FIG. 2. Important diagrams for the dipole moment BR of µ → eγ decay. Here, the cross
denotes the gaugino mass insertion and the blop denotes the scalar mass mixing. Diagrams for BL
can be obtained by changing e and µ each other and also λ1j2 by λ2j1.
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